This retrospective analysis of patients aims to show the blood levels of preoperative inflammatory markers in patients with glioblastoma and brain metastasis and to provide the diagnostic accuracy of the neutrophil-lymphocyte (NLR), lymphocytemonocyte (LMR), and platelet-lymphocyte (PLR) ratios between the 2 groups of patients.
Introduction
Glioblastoma or glioblastoma multiforme (GBM) and intracranial metastasis are the 2 malignant neoplasms of the brain, and even advanced treatment modalities, such as surgery plus radiotherapy or chemotherapy, cannot extend patients' survival much longer. For both tumors, survival takes 12 to 15 months with a high recurrence rate. [1, 2] One of the most important diagnostic modalities of these 2 intracranial pathologies is magnetic resonance imaging (MRI). Similar findings such as peripheral contrast enhancement, edema, and central necrosis can be visible in both patient groups. Even though similar images can be seen on the MRI, further investigations and treatments are not completely identical. Distinguishing these 2 patient groups in the preoperative period can be rewarding for patients' clinical management.
Inflammation is now accepted as one of the hallmarks of cancer, [3] and the role of inflammation in cancer initiation, development, and progression has been well demonstrated in solid cancers, including glioma and intracranial metastasis. [4, 5] Lymphocyte infiltration around a tumor is associated with a good prognosis, but the infiltration of tumors by neutrophils may be associated with a poor prognosis. As a tumor progresses, the relative levels of neutrophils, platelets, and monocytes change, resulting in higher and lower levels of neutrophil and lymphocyte blood counts, respectively. [6, 7] Previous studies showed that preoperative inflammatory markers such as neutrophil-lymphocyte ratio (NLR), plateletlymphocyte ratio (PLR), or lymphocyte-monocyte ratio (LMR) could be used as an index of tumor progression in solid cancers including gliomas. [7] [8] [9] [10] Significantly higher preoperative neutrophil and monocyte counts and lower lymphocyte counts were found in high-grade glioma, especially GBM, in comparison with nonlesional epilepsy, meningioma, acoustic neuroma, and healthy controls. [7] Higher NLR and PLR or lower LMR is associated with glioma grade and progression and predicts poor prognosis. Moreover, an NLR greater than 4 was found to be a poor prognostic factor prior to the 2nd surgery of GBM. [9] Although preoperative inflammatory markers have been studied extensively in other solid cancers such as prostate, [8] colorectal, [10] and lung, [11] the number of studies evaluating brain tumors is limited. Moreover, no study has yet evaluated the preoperative inflammatory markers in intracranial metastasis. As NLR, PLR, or LMR can be used as an index of malignancy and to differentiate gliomas from other intracranial tumors, [9] we hypothesize that these preoperative inflammatory markers can be used to differentiate intracranial metastasis from GBM prior to surgery. Therefore, this study aims to show whether a difference exists in the absolute levels of preoperative inflammatory markers between intracranial metastasis and GBM and to determine whether NLR, PLR, or LMR has a diagnostic value in differentiating metastasis from GBM before surgery.
Materials and methods

Study population
This inflammatory markers in patients newly diagnosed with GBM and metastasis was conducted through the collaboration of 2 hospitals. Patients with the following criteria were included in the study: those who had no hematological and/or infectious disease, had no previous surgery for either GBM or metastasis or primary cancer causing metastasis, had no chemo or radiation therapy, and signed the informed consent. All patients underwent resective surgery and were referred to have radiotherapy plus temozolomide for GBM and radiation therapy for metastasis after surgery. Depending on the selection criteria, 150 patients were included in the study. The histopathologic diagnosis of GBM and metastasis was made according to the World Health Organization criteria. [2] Our local ethics committee informed us that no approval was needed for this study because the study did not include data that could reveal the patients' identity.
Data collection
Demographic, clinical, radiological, and histopathological data were retrieved from the patients' medical records. After hospitalization, blood samples were taken for a complete blood count and other tests, including hepatic functions, serology, and electrolyte as a standard preoperative work-up. Neutrophil (10 3 /mm 3 ), lymphocyte (10 3 /mm 3 ), monocyte (10 3 / mm 3 ), and platelet (10 3 /mm 3 ) counts were recorded. The preoperative NLR (quotient of the absolute number of neutrophil count to lymphocyte count), PLR (quotient of the absolute number of platelet to lymphocyte count), and LMR (quotient of the absolute number of lymphocyte to monocyte count) were calculated.
Statistical analysis
Statistical analysis was performed using SPSS version 22.0. The results were reported here as the mean ± standard deviation. Comparisons between the groups were made using the independent samples t test, and the chi-square test was used for the categorical variables. The diagnostic value of NLR, PLR, and LMR was evaluated using the receiver operator characteristic (ROC) curve analysis. A probability value (P value) <.05 was considered statistically significant.
Results
Study population
The study population in this study was composed of 150 patients. The first group included 80 patients who underwent resective surgery for GBM. This group had 48 males (60%) and 32 females (40%) with a mean age of 51.65 ± 16.71 years. The second group was composed of 70 patients who underwent resective surgery for intracranial metastasis, mainly in the lung. This group had 49 males (70%) and 21 females (30%) with a mean age of 57.30 ± 10.20 years. Regarding gender, no significant difference was found between the GBM and the metastasis groups (x 2 test; P = .08). The patients with metastasis were older than those with GBM, and the difference was significant (t test; P = .01). Table 1 summarizes the statistical results in both groups. The neutrophil, monocyte, and platelet counts were higher, and the lymphocyte count was lower in patients with metastasis than in those with GBM. However, none of the parameters showed a significant difference between the 2 groups. As expected, NLR and PLR were higher and LMR was lower in the metastasis group. NLR showed a trend of being significantly higher in the metastasis group (P = .05). The patients with metastasis showed a significantly higher PLR (P = .004) and lower LMR (P = .01) than those with GBM. Figure 1A -C show the results of the ROC analysis for NLR, LMR, and PLR, respectively. According to the ROC analysis, the area under the curve (AUC) was 0.58 (CI 95% 0.48-0.67) with a P value of .08. The cutoff point for NLR was 3.96 (NLR > 3.96 predicts metastasis) with 55.71% sensitivity and 57.5% specificity. The AUC for LMR was 0.64 (P = .03; CI 95% 0.55-0.72). The cutoff point was 2.97 (LMR < 2.97 predicts metastasis) with 64% sensitivity and 58.7% specificity. The AUC for PLR was 0.61 (P = .01; CI 95% 0.52-0.70). The cutoff point was 121.69 (PLR > 120 predicts metastasis) with 78.57% Table 1 Statistical summary of preoperative inflammatory markers in the groups. Values are given as mean ± standard deviation. GBM = glioblastoma multiforme, LMR = lymphocytemonocyte ratio, NLR = neutrophil-lymphocyte ratio. PLR = platelet-lymphocyte ratio. 
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Parameters
Discussion
For the first time, this study shows that systemic inflammation is more severe in metastasis than in GBM, the most malignant form of brain tumor. Although no significant difference is found in the neutrophil, lymphocyte, monocyte, and platelet counts between the 2 groups, higher neutrophil, monocyte, and platelet counts and lower lymphocyte counts are found in intracranial metastasis. Conversely, the patients with metastasis show significantly higher levels of PLR and lower levels of LMR than those with GBM. NLR shows an increasing trend in metastasis. Our results are consistent with the current literature that systemic inflammation is more severe in most malignant tumors. [7, [9] [10] [11] Studies in which intracranial metastasis is the focus of discussion are limited. One study showed that a high preoperative PLR value is a predictor of brain metastasis due to lung adenocarcinoma. [12] Another clinical study showed that an elevated preoperative NLR is a predictor of poor prognosis or worse survival after surgery for brain metastasis. [13] Our results with respect to PLR or NLR support the abovementioned studies in that metastasis has higher levels of PLR or NLR. The current study aims to show whether preoperative inflammatory ratios have a diagnostic value in differentiating GBM from metastasis, both of which are contrast-enhancing lesions demonstrated on the MRI. According to our results, we speculate that LMR has the most diagnostic value for differentiating between GBM and metastasis, and an LMR of less than 2.97 may predict metastasis. Furthermore, PLR has a diagnostic value after LMR, and a higher PLR with a cutoff point of 121.69 can predict metastasis. Unexpectedly, NLR may not have the ability to differentiate GBM from metastasis. Patients with metastasis have a primary site, so that they have tumors in more than 1 organ. This can explain our results and why patients with intracranial metastasis show more severe preoperative inflammatory reactions than those with GBM. Among the preoperative inflammatory markers, NLR has been the most studied one, and a high preoperative NLR has been recognized as a prognostic factor in GBM. [7, 9, 11, 14] Although the diagnostic value of PLR is not as strong as that of NLR, relatively higher levels of PLR have been found in high-grade gliomas. [7] Interestingly, little information is known about LMR. A decreased level of LMR as a poor prognostic index has extensively been demonstrated in several cancers such as renal cell carcinoma [15] and soft tissue sarcoma. [16] However, little is known about LMR in brain tumors. Only one recent study showed that a significantly lower level of LMR was found in highgrade glioma and inversely associated with glioma grade. LMR was concluded to be a useful biomarker for differentiating glioma from other intracranial diseases. [7] The reason behind the changes in the blood levels of preoperative inflammatory markers is speculative. Cancer cells produce myeloid growth factors that lead to increase neutrophil production. [17] Circulating neutrophils secrete vascular endothelial growth factors, tumor necrosis factors, and some cytokines that can stimulate tumor angiogenesis, which in turn leads to tumor progression. [3] Moreover, an increase in neutrophils inhibits the cytolytic activity of lymphocytes, natural killer cells, and activated T cells. [3, 17] Our data suggest that a decreased LMR may be due to the reduction of lymphocyte count and the elevation of monocyte count in metastasis, which has more severe inflammatory reactions than GBM because of the existence of more than 1 tumor in the brain and in other organs.
Finding reliable, easily available, and affordable tests, such as circulating serum or blood biomarker, for differentiating intracranial contrast-enhancing brain lesions from each other such as GBM, metastasis, or abscess can be helpful. Depending only on the MRI cannot differentiate the type of contrast-enhancing lesions. Moreover, neurosurgeons usually have difficulty in deciding whether the lesion is high-grade glioma or metastasis, and thus they refer patients to MR spectroscopy. Even advanced MRI provides a low diagnostic specificity of 50% to 80% for differentiating GBM from low-grade glioma, lymphoma, metastasis, abscess, and subacute infarcts. [18] Evaluating preoperative inflammatory markers such as NLR, LMR, or PLR or their combinations can help to find a new diagnostic tool for differentiating intracranial contrast-enhancing intra-axial tumors.
Limitations
This study has 3 limitations. First, our patient sample consisted of a relatively small proportion of patients with glioma and metastasis. Second, the retrospective nature of our study could have introduced a selection bias. Third, acute stress in patients with brain tumors could have caused changes in the blood levels of the inflammatory markers.
Conclusions
Despite the study's limitations, we provide the first evidence that patients with intracranial metastasis have more severe systemic inflammation than patients with GBM, which is the most malignant form of brain tumors. The LMR and PLR values are significantly different in metastasis. LMR has the most diagnostic accuracy and may serve as a biomarker for differentiating GBM from metastasis. Even PLR can help clinicians to differentiate GBM from intracranial metastasis. We strongly encourage further studies to include more patients with contrast-enhancing different intracranial space-occupying lesions such as high-grade gliomas, intracranial abscess, intracranial lymphomas, and metastasis.
